Jatropha podagrica Hook. is cultivated as an ornamental plant and is also used in traditional medicine. The species has various pharmacological properties, but it has not yet been investigated for any potential allelopathic activity and allelopathic substances. In this study, an allelopathic active substance was isolated from an aqueous methanol extract of J. podagrica leaves through chromatography and reverse-phase HPLC. The substance was characterized as 6,7-dimethoxychromone by spectral analysis. 6,7-Dimethoxychromone significantly inhibited the shoots and roots of cress at concentrations greater than 0.3 mM. The concentrations required of 6,7-dimethoxychromone for 50% growth inhibition of cress shoots and roots were 0.95 and 0.83 mM, respectively. The inhibitory activity against the seedling growth of cress indicates that 6,7-dimethoxychromone may contribute to the allelopathic effects and may be responsible for the allelopathic activity in J. podagrica. This report is the first on the allelopathic activity of 6,7-dimethoxychromone as an allelopathic substance from J. podagrica.
Using natural products or bioactive substances (allelochemicals) derived from medicinal plants in agricultural management is of great interest as a way to reduce the negative effects of using synthetic herbicides [1, 2] . In addition, the variety of their modes of action and their biodegradability results in these natural substances being considered as a safe alternative strategy for weed management as natural herbicides [3] . However, there are several plant species that have not been investigated for their allelopathic activities; these species may be rich in natural products and may possess valuable allelopathic substances.
The genus Jatropha, belonging to the Euphorbiaceae family, comprises succulent plants, shrubs, and trees [4] , distributed mainly in the tropics and subtropics of Asia, Africa, and Latin America [5, 6] . The genus is a rich source of many beneficial biochemicals and has been extensively investigated for its biological activities [7, 8] . Jatropha podagrica Hook., a plant species in the Jatropha genus, is widely used for ornamental purposes and in traditional medicine to treat and prevent various diseases [9] . Several biological activities of this species have been reported such as antibacterial, antimicrobial, and especially insect antifeedant activities [10] [11] [12] , and those bioactivities led to the isolation of numerous bioactive substances including japodic acid [13] , japodagricanones A and B [14] , japodagrin and japodagrone [6] , podacyclin A and B [15] , and tetramethylpyrazine [10, 16] . However, information on the allelopathic activity of this plant species has not been reported. Therefore, in this study we aimed to isolate and identify any growth inhibitory substances, which may act as allelopathic agents, from an aqueous methanol extract of J. podagrica leaves.
The aqueous methanol extracts of J. podagrica leaves inhibited the growth of cress (Lepidium sativum L.), lettuce (Lactuca sativa L.), rapeseed (Brassica napus L.), barnyard grass (Echinochloa crusgalli (L.) P. Beauv), foxtail fescue (Vulpia myuros (L.) C.C. Gmel) and timothy (Phleum pratense) ( Figure 1 ). The growth inhibition levels depended on the concentration of the J. podagrica leaf extracts. The concentration of the extracts required for 50% growth inhibition (I 50 values) was different for each test plant, and lettuce seedlings were more severely affected than the other test plants. This result indicates that the inhibition was species dependent ( Figure 2 ) and that the leaf extracts of J. podagrica may possess allelopathic substances.
The leaf extracts of J. podagrica were purified using a silica gel column, Sephadex LH-20 column, and C 18 cartridge. An active substance was isolated using reverse-phase HPLC. The molecular formula of the substance was estimated to be C 13 C NMR (100 MHz, CD 3 OD) showed δ C 162.6 (C4), 153.5 (C7), 150.0 (C8a), 146.8 (C6), 145.9 (C2), 113.6 (C3), 111.7 (C4a), 109.9 (C5), 101.0 (C8), 56.9 (C9, 10). The substance was identified as 6,7-dimethoxychromone ( Figure 3 ) after comparing its spectral data with published data [17] . 6,7-Dimethoxychromone is a derivative of chromone and is present in several plant species. Chromone and its derivatives are an important element of pharmacophores and has been extensively studied for their potential biological properties, such as antioxidant, antimalarial, antimicrobial, anti-inflammatory, antiplatelet, anticancer, anti-obesity, insecticidal activities [18] [19] [20] . Although 6,7-dimethoxychromone has a chromone unit in its core fragment, its biological activities and allelopathic activity have not been ascertained. 6,7-Dimethoxychromone inhibited the seedling growth of cress. The substance significantly inhibited the test plants at concentrations greater than 0.3 mM (p<0.05). The growth of the cress seedlings decreased with increasing 6,7-dimethoxychromone concentrations. The concentrations required for 50% growth inhibition were 0.95 mM for the shoot growth and 0.83 mM for the root growth of cress (Figure 4 ).
Using natural substances as herbicides has been extensively studied and much research has focused on the residue of several medicinal plants to evaluate their potential growth inhibitory activity [21] [22] [23] . For example, J. curcas, a plant with medicinal properties, has been evaluated for allelopathic potential against the growth and development of marigold (Tagetes erecta L.) by using leaf leachates and leaf residues incorporated into the soil. The results showed inhibitory effects on marigold, indicating that the plant releases some phytotoxic compounds into the soil and interferes with the physiological processes [24] . In this study, the aqueous methanol extract of J. podagrica leaves exhibited growth inhibition, and a potent allelopathic substance was isolated as 6,7-dimethoxychromone, suggesting that the inhibitory effects on the cress seedlings may be caused by 6,7-dimethoxychromone. Thus, the leaves of J. podagrica and 6,7-dimethoxychromone could possibly be used as an alternative natural herbicide to manage weeds. In conclusion, our present study is the first report on the allelopathic activity of 6,7-dimethoxychromone as an allelopathic substance identified from J. podagrica.
Experimental
Plant materials: Leaves of Jatropha podagrica were collected from Chiang Rai Province, Thailand, in September 2014. The plant material was washed with tap water to remove tiny or dust particles, dried in the shade, and ground into fine powder. The powder was kept in vacuum-sealed plastic package at 4°C before extraction. Cress, lettuce, rapeseed, barnyard grass, foxtail fescue, and timothy were used as the test plants to determine biological activity.
Extraction and purification of active substances:
The powder samples (1 kg) were extracted with 70% aqueous methanol (v/v, 5 L) for 48 h and filtered through a sheet of filter paper (No. 2; Toyo Roshi Ltd., Japan). The plant residue was extracted again with an identical volume of cold methanol for 24 h and filtered. The two filtrates were combined and evaporated in a rotary evaporator at 40°C to produce an aqueous residue. Allelopathic activity of 6,7-dimethoxychromone from Jatropha podagrica Natural Product Communications Vol. 13 (11) 2018 1517 The aqueous residue was adjusted to pH 7.0 using 1 M phosphate buffer and partitioned with an identical volume of ethyl acetate three times. The ethyl acetate fraction was then dried over anhydrous Na 2 SO 4 , filtered, and evaporated to dryness. The residue was loaded onto a column of silica gel (60 g, silica gel 60, 70-230 mesh; Nacalai Tesque, Kyoto, Japan) and eluted via a stepwise gradient method using a mixture of ethyl acetate, n-hexane, and methanol. The inhibitory activity of all the separated fractions was determined using a cress bioassay (described below). The inhibitory fraction eluted by 70% ethyl acetate in n-hexane was evaporated and the residue was then loaded onto a column of Sephadex LH-20 (100 g; GE Healthcare, Uppsala, Sweden). The column was eluted with increasing amounts of methanol in distilled water (20% increase per step, v/v, 150 mL per step) and methanol (300 mL). The inhibitory fraction eluted by 60% aqueous methanol was evaporated to dryness. The residue of the inhibitory fraction was purified using a reverse-phase C 18 cartridge (1.2 × 6.5 cm; YMC Ltd., Kyoto, Japan), and eluted with increasing amounts of methanol in distilled water (10% increase per step, v/v, 30 mL per step) and methanol (60 mL). The active fraction eluted by 30% aqueous methanol was finally purified using reverse-phase HPLC (250 × 4.6 mm I.D.; Inertsil ODS-3; GL Science Inc., Tokyo, Japan), eluted at a flow rate of 0.8 mL min ˗1 with 30% (v/v) aqueous methanol, and detected at 220 nm. A substance with inhibitory activity was eluted at the retention time of 35 min, as a pale yellow residue. The chemical structure was characterized using ESIMS, 1 H-NMR (400 MHz, CD 3 OD) and 13 C-NMR (100 MHz, CD 3 OD).
Biological activity bioassay:
Crude extracts from J. podagrica leaves were dissolved in methanol to prepare the tested concentrations. An aliquot of the extracts at concentrations of 3, 10, 30, 100, and 300 mg dry weight of J. podagrica mL ˗1 was separately added onto a sheet of filter paper (No. 2) inside 28 mm Petri dishes, and the solvent was then evaporated in a laminar flow cabinet. Ten seeds and pre-germinated seeds of each test plant were placed on the filter paper soaked with 0.6 mL of 0.05%, v/v, aqueous solution of Tween 20 (polyoxyethylene sorbitan monolaurate; Nacalai, Kyoto, Japan). Control seeds and pregerminated seeds were treated with only the solution of Tween 20. The shoot and root length of the treated seedlings retrieved from each treatment were measured after 48 h incubation in darkness at 25°C. The length percentage was calculated by reference to the length of the control seedlings. The concentrations required for 50% growth inhibition (I 50 value) of the test plants were calculated from the regression equation of the concentration response curves. The bioassay was conducted in two independent experiments with three replications (10 seedlings/replication) for each experiment (n = 60). One-way analysis of variance (ANOVA) was used to analyze the data using SPSS version 16.0.
Cress bioassay: Inhibitory activity of all the separated fractions obtained from each purification step was determined using a cress bioassay. An aliquot of the separated fraction at final concentrations 100 and 300 mg dry weight of J. podagrica mL ˗1 was added to a sheet of filter paper inside 28 mm Petri dishes, as described above. Ten seeds of cress were placed on the filter paper inside the Petri dishes and the experiment treated with Tween 20 served as the control treatment. The length percentage was calculated after 48 h incubation by comparing with the length of the control seedlings. The bioassay in each purification step was conducted with three replications (10 seedlings/replication, n=30).
Bioassay of 6,7-dimethoxychromone:
The inhibitory activity of 6,7-dimethoxychromone was determined using a cress bioassay. The residue of the substance was dissolved in methanol to prepare treatment concentrations of 0.1, 0.3, 1, and 3 mM. An aliquot of tested concentrations was added to a sheet of filter paper in 28 mm Petri dishes, as described above. The I 50 value of 6,7-dimethoxychromone was calculated from the regression equation of the concentration response curves.
